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3,508,070
PULSED ENERGY POWER SYSTEM
Benjamin Barish, Shaker Heights, and Arthur R. Thom-
son, Cleveland Heights, Ohio, assignors to the United
States of America as represented by the Administrator
of the National Aeronauntics and Space Administration
QOriginal application May 10, 1965, Ser. No. 454,439, now
Patent No. 3,418,805, dated Dec, 31, 1968, Divided
and this application Aug. 14, 1968, Ser. No. 765,738
Int. CL. F02n 11/06
U.S. CL 290—40 6 Claims

ABSTRACT OF THE DISCLOSURE

The invention is directed to a power control system for
cyclically applying combustible gases to a turbine which,
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in turn, controls the operation of an alternating current

voltage generator or the like. A control system includes
a valve which is turned sequentially on and off in re-
sponse to the speed of the generator.

This application is a division of our copending appli-
cation Ser. No. 454,439 filed May 10, 1965, and now
Patent No. 3,418,805, Dec. 31, 1968, entitled, “Pulsed
Fuel Delivery System for Turbine Power Package.”

This invention relates to power systems which are driv-
en by turbines energized by controlled pulses of gas flow
from a fuel fed gas generator which is controlled by the
output of the system. Specifically, this invention relates
to a turboelectric generator package having an off-on hot
gas source for the turbine which is controlled by gener-
ated electric current to maintain the turbine speed and
power within a predetermined range.

The invention will be hereinafter specifically described
as embodied in a turbine driven alternator package with
a self-contained mono or bipropellant hot gas generating
‘source controlled by the output voltage and/or frequency
of the alternator to drive the turbine by pulses of hot
gas. However, it should be understood that the power sys-
tems of this invention are not limited to systems for gen-
erating electrical current since mechanical and other
forms of power can be delivered by the devices of this
invention.

According to this invention a turbine driven power
package is provided which includes self-contained hot
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gas generating means which are cycled to drive the tur-

bine through short hot gas power periods alternating with
longer coast periods thereby increasing the operating life
of the package while simultaneously decreasing the oper-
ating temperature of the package. The devices of this
invention utilize high energy fuels capable of being stored
for long periods of time and triggered for instantaneous
use upon initiation of a start signal to thereafter operate
in a completely automatic manner. Because the hot gases
are used as soon as they are generated and because the
generation of the gases is cycled under the control of
the power demands of the system, the devices of this in-
vention are highly efficient and can be quite compact and
light in weight. At their rated power outputs, the pack-
ages of this invention are driven through relatively short
pulse gas generating periods alternating with relatively
long coast periods. Heretofore turbine driven alternator
systems were constantly driven and had to use low energy
fuels to withstand the high gas temperatures of the fuels.
Attempts to increase the output of such systems have re-
sulted in larger, heavier and more cumbersome packages
with complicated fuel injection devices and throttling
mechanisms. The high energy fuels used to activate the
systems of this invention, while having very high burn-
ing temperatures, do not overheat the turbines or other
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gas handling devices because these devices have long
cooling periods between the periods in which the hot
gases must be handled.

It is then an object of this invention to provide a com-
pact efficient turbine driven power package energized
by controlled pulses of hot gases generated from high en-
ergy fuels contained in the package.

Another object of this invention is to provide a turbo
alternator package with a self-contained hot gas gener-
ator actuated to produce pulses of hot gas under the con-
trol of the power demands of the system.

A further object of this invention is to provide a tur-
bine driven power package with an on-off hot gas gener-
ating system triggered by the power demands on the sys-
tem to drive the turbine.

Another object of this invention is to provide a self-
contained turbine alternator power package which can be
stored in a quiescent state for long periods of time, trig-
gered for instant use, and intermittently energized be-
tween relatively short duration power periods and long
duration coast periods effective to maintain relatively
low hardware temperatures while utilizing high tempera-
ture gases from high energy fuels.

A feature of the present invention relates to a turbo
alternator unit wherein the alternator rotor and the tur-
bine wheel are directly coupled and are supported on
common bearings.

Another object of this invention is to provide a hot
gas turbine operating at gas temperatures greatly in ex-
cess of the allowable operating temperatures of the metal
parts by virtue of the short hot gas pulses, followed by
long coast periods during which heat is radiated to the
environment.

Another object of this invention is to provide a hot gas
turbine operating at the high efficiencies associated with
turbines of substantially higher power levels by virtue of
the high power level used during the hot gas pulse period
compared to the average output power of the alternator
or other output device.

Another and specific object of this invention is to pro-
vide a compact lightweight self-contained power package
having mono or bipropellant storage tanks, a turbine driv-
en by hot gases generated from such fuel, an alternator
driven by the turbine, and mechanism controlled by the
voltage or frequency of the alternator to cycle gas gener-
ation from said fuel in an on-off manner for alternate
driving and coasting of the turbine under the control of
the output demands on the package.

Other and further objects of this invention will be ap-
parent to those skilled in this art from the following de-
talill.a]i:l description of the annexed sheets of drawings in
which:

FIGURE 1 is a schematic diagram of an alternator
system according to this invention.

FIGURE 2 is an end elevational view of a turbine
alternator package constructed in accordance with the
principles of this invention.

FIGURE 3 is a cross sectional view taken substantially
along the line II—III of FIG. 2 with parts in elevation.

FIGURE 4 is a longitudinal cross sectional view, with
parts in side elevation, of another embodiment of turbine
driven alternator package according to this invention.

FIGURE 5 is a schematic wiring diagram of voltage
and frequency control circuits used to control the opera-
tion of the alternators of FIGS. 2 and 4.

FIGURE 6 is a chart illustrating the cycle of opera-
tion of the turbines of the system of this invention.

As shown on the drawings:

In FIG. 1 the reference numeral 10 designates gen-
erally an alternator system or assembly according to
this invention. The system 10 includes a housing 11 for
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high energy propellant storage. Both monopropellants
and bipropellants are useful. A suitable monopropellant
is hydrazine. Suitable bipropellants are unsymmetrical di-
methy!l hydrazine fuel with an oxidizer such as nitrogen
tetroxide or hydrogen as a fuel with oxygen as an oxi-
dizer.

The housing 11 is pressurized by a squib 12 which can
be a solid propellant which when fired will allow nitrogen
or other stored pressurizing gas into the chamber 11 to
eject the propellant therefrom. The propellant feed is
controlled by an injection valve 13, and a seal 14 is pro-
vided in advance of the injection valve for sealing:the
propellant in the chamber until such time as the squib
is energized whereupon the seal 14 will be ruptured to
allow propellant to flow to the injection valve 13. The
valve 13 controls propellant flow to a gas generator 15
which burns or decomposes the propellant and feeds the
resulting high energy gas to a turbine 16. The turbine
16 is directly coupled to an alternator 17.

The alternator 17 supplies current through leads to
a load 18. A voltage regulator 19 in circuit with the alter-
nator stator maintains the voltage delivery of the alterna-
tor within a predetermined range. A speed control de-
vice senses the alternator frequency and operates the in-
jection valve in an off-on manner to control the driving
of the turbine 16 thereby keeping the turbine speed
within a predetermined rotational speed range and cycling
the driving periods of the turbine in accordance with the
load demand on the alternator.

The system 10 may take the form of a unit package
21 as shown in FIGS. 2 and 3. This package is generally
cylindrical with an annular housing 22 for momnopro-
pellant fuel such as hydrazine. The tank 22 may be
cylindrical, as well as annular, as required by the instal-
lation or available space.

A generally cylindrical turbine and alternator unit
23 is partlally telescoped within the tank 22 and the tur-
bine portion of this unit projects from one end of the
tank. A donut-shaped pressurization tank 24 is nested
within the fuel tank 22 behind the alternator unit 23 for
housing pressurizing gas such as nitrogen to load the
propellant in the tank 22 when released. A gas regulating
and sealing valve 25 receives nitrogen from the tank 24
for delivery to the propellant tank 22 when open. The
valve 25 is of the rupturing type when energized and re-
mains open after rupture. An electronic package 26
backs up the tank 22 and houses the voltage regulator,
speed control device, and other electrical controls for
the unit. The arrangement of components may be varied
to best package into the available space and is not re-
stricted to the arrangement described herein.

Propellant from the tank 22 is fed under the control
of a solenoid actuated valve 27 to a gas generator 28
be provxded in line 30 to prevent hot gases in the gas
therefrom delivered to the turbine inlet. The gas gen-
erator 28 is equipped with an igniter 29 to fire the pro-
pellant for the initial pulse. Pulses followmg the first are
decomposed by the re51dua1 beat in the gas generator
hot spot.

The gas generator 28 is connected to the solenoid
valve 27 by means of a fuel line 30. A check valve may
thereupon the propellant is decomposed and the hot gas
generator 28 from entering the solenoid valve 27. The
annularly shaped fuel tank 22 is connected to the solenoid
valve 27 by means of a fuel line 31. When the fuel
from the tank 22 reaches the gas generator 28 the fuel
is lgmted by the igniter 29 which may be a hot-spot type
igniter. Hot gases produced in the gas gemerator 28 are
transferred to a turbine gas chamber 32 through a port
33 which communicates between the chamber 32 and gas
generator 28. Connected to the turbine gas chamber 32 is
a cold gas inlet valve 34. This valve may be used for
cold gas check out prior to hot gas usage if desired.
The cold gas would be provided by a separate source.

Any type of alternator or generator may be used in
this system and the generator may be driven directly or
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through a suitable gearing. However, to better under-
stand the turbo alternator of the present invention, refer-
ence is now particularly made to FIG. 3. The alternator
23 has a housing 35 which is carried within the annular
fuel tank 22. Secured to the inner surface of the housing
35 are excitation coils 36 and 37. A ferrous cap mem-
ber 38 is secured to the open end of the housing 35
to provide a portion of a magnetic circuit for the mag-
netic field produced by the coil windings 36 and 37.
The housing 35 has an end wall portion 39 which has
secured thereto a bearing 40 which is provided to carry
one end shaft 41 of a rotor 42. A conventional poly-
phase stator 46, 36 and 37 is secured in the housing 35.
The rotor 42 may have segments connected to rotor
windings and rotatably engaged with a pair of rotor
brushes, not shown.

A turbine section 50 has a housing 51 secured to the
housing 35 of the alternator 23 in such a manner as to
support an end shaft 52 of the rotor 42 in a bearing 53.
The housings 35 and 51 are arranged in such a manner
as to provide a single enclosure for both the alternator
and turbine. A turbine wheel 54 is disposed in the open
end of housing 51 and secured to an intermediate por-
tion of the end shaft 52 for rotation therewith. Due to
the low temperature advantages of the pulsed system,
the turbine 54 and rotor 42 may be made of one piece if
desired. To prevent hot gases from the turbine from en-
tering the area of the bearing 53 a heat barrier 55 is
provided between the turbine wheel 54 and the bearing
533. To prevent a substantial quantity of hot gases from
entering the alternator section 23 a baffle 56 is disposed
between the open end portions of the housings 35 and
51. Therefore, during the operation of the turbine alter-
nator, hot gases from the turbine gas chamber 32 will
pass therefrom to an exhaust port 57 thereby imparting
rotational movement to the turbine wheel 54 which, in
turn, will rotate the armature or rotor 42 of the alter-
nator, A tapered flange 58 and the outer surface of a
coolant chamber 59 provide an annularly shaped exhaust
pipe. The coolant chamber 59 may be required due to
endurance or environmental requirements of certain ap-
plications. If used, it is provided with a safety relief
valve 60 which will vent off high pressure gases such as
steam or the like which will occur due to high temperature.

According to an important feature of the present in-
vention the turbine alternator 21 can be stored for long
periods of time without adverse effects such as loss of
fuel. This is accomplished by completely sealing the fuel
tank 22 with a puncturable diaphragm in the region where
the fuel line 31 connects to the fuel tank 22 as indicated
by reference numeral 61. To further seal the fuel tank
22 a seal is provided in an explosive type regulator valve
63 to prevent the gas within the pressurization tank 24
from entering the fuel tank 22 from passing therethrough.

When it is desired to place the turbine alternator 21
into operation, a start control signal is applied to the
explosive type valve 63 thereby puncturing the seal in
the valve 63 and allowing high pressure gas within pres-
surization tank 24 to transfer to the fuel tank 22 through
the valve 63. This action will also cause the seal in the
region 61 to become punctured by the increased pres-
sure in the fuel tank 22 and allow fuel to flow through
the fuel line 31 into the gas generator 28 through the
normally open solenoid valve 27. The start signal which
actuates the explosive type of solenoid valve 63 also
provides an ignitor signal to the ignitor 29 to insure re-
action of the fuel upon entering the gas generator 28.
During the operation of the turbine alternator 21 an

‘electronic package 66 is provided to house the necessary

voltage regulator and frequency control circuits. When
the output of the alternator has reached a predetermined
frequency as sensed by the electronic package 66, the
fuel flow. to the gas generator 28 is stopped and the
turbine wheel 54 and rotor 42 will continue to rotate
during a coast period. A flywheel can be added to the
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turbine alternator to increase the time duration of the
coast period.

The system 1¥ of FIGURE 1 may take a modified
form such as the turbine alternator shown in FIGURE
4 which is designated generally by reference numeral
67. The turbine alternator unit 67 has an alternator 68
directly coupled to turbine 69. A fuel tank 70 preferably
has the same diameter as the alternator and turbine and
is secured to the alternator 68 in axial alignment there-
with. An electronic package 71 for controlling the out-
put voltage and frequency of the turbine alternator is
connected to the end portion of the fuel tank 70.

The alternator section 68 consists of a housing 73
having a bearing 74 carried by an end wall 75. An excita-
tion coil 78 is disposed within the housing 73. The excita-
tion coil 78 may comprise two coil sections 782 and 78b.
A stator assembly 88 is secured between the coil sections
78a and 78b for receiving the magnetic flux field from an
armature or rotor 81. The rotor 81 is provided with an
end shaft 82 which is received by the bearing 74 for rota-
tion therein. A housing end cap 85 is provided to com-
plete the magnetic flux path to the rotor 81.

The turbine section 69 has a housing 88 which is
secured to the end cap 85. The housing is provided with
a bearing 89 which is axially aligned with the bearing
74. An end portion 98¢ of an end shaft 91 is carried by
the bearing 89 for rotation therein, A turbine wheel 94
is secured to a central portion 95 of the end shaft 91
for rotation therewith. The rotor may be secured in a
variety of ways, including welding. When the turbine
wheel 94 is in operation, hot gases from a turbine cham-
ber 97 are prevented from reaching the bearing 89 by
means of a heat seal 98 disposed between the turbine
wheel 94 and bearing 89. To prevent hot gases from
reaching the alternator section 68 of the turbine alternator
67 a baffle 100 is disposed between the rotor 81 and
turbine wheel 94.

During a power period, hot gases from a gas gen-
erafor 102 are applied to the turbine chamber 97 and
the hot gases in the chamber 97 pass into an exhaust
¢hamber 103 in such a manner as to impart rotational
movement to the turbine wheel 94 which, in turn, pro-
vides rotational movement of the rotor 81. The hot gases
in exhaust chamber 103 substantially follow the curved
wall surface 1034 and depart the exhaust chamber 103
through a plurality of exhaust ports such as 1064 and
105. A cylinder shield 166 serves as an exhaust pipe for
the hot gases. If needed by the application, a coolant
chamber 107 is secured to the housing 88 for purposes of
maintaining the housing and bearing 8% therein within
a predetermined operating temperature. A pressure relief
valve 108 is connected to the coolant chamber 107 for
purposes of relieving high pressure vapors which accumu-
late within the coolant chamber during operation. An
insulating pad or block 118 is provided between the gas
generator 102 and coolant chamber 107 to prevent un-
due transfer of heat between the coolant chamber and
the gas generator.

The fuel tank 7¢ is preferably maintained pressurized
by a pressuring gas such as nitrogen. When it is desired
to initiate operation of the turbine altermator 67 an ex-
plosive valve 113 receives a start signal which opens the
valve 113 and allows the fuel under pressure in fuel
-tank 70 to flow through a normally open solenoid valve
(not shown) and therefrom to the gas generator 102
where the fuel is ignited by an ignitor or hot squib 115.
" During normal operation of the turbine alternator 67
the initially pressurized fuel tank 78 will provide a proper
Afuel flow to the gas generator 162. However, should it
become necessary to increase the pressure in the fuel
"tank 70 a solid propellant gas generator 118 is connected
to the fuel tank 78. Upon receiving the proper start sig-
nal, the solid propellant gas generator 118 will produce
a sufficient quantity of gas to substantially increase the
pressure in the fuel tank 70. By way of example, and

10

15

20

25

30

35

40

50

60

G5

70

75

6
not by way of limijtation, the gas generator 118 is of
the type which produces gases of approximately 300° F.
The particular advantage obtained by the embodiment
shown in FIGURE 4 is that the pressurization tank and
presure regulator are eliminated thereby decreasing the
total volume occupied by the turbine alternator. The
electronic package 71, which is similar to the electronic
package 66 of FIGURE 3, is used to control the opera-
tion of the turbine alternator 67 after it has been set
into operation by a start signal.

Shown in FIGURE § is a schematic wiring diagram of
the preferred voltage regulator and speed control circuit
and is generally designated by reference numeral 125.
To best understand the operation of the voltage regulator
and the frequency control of FIGURE 5 it will be con-
sidered in operation with the turbine alternator shown
in FIGURES 2 and 3. After the turbine alternator 21
has been set into operation by a start signal, the rotat-
ing magnetic field produced by the rotor 42 will induce
an alternating current into the stator 46. The voltage of
the alternating current will continue to increase as the
speed of the alternator increases until a predetermined
voltage is sensed at terminals 126 and 127 at which time
a voltage regulating signal is applied to the excitation
coils 36 and 37 is such a manner as to counteract any
further increase in voltage from the stator 46. Also, as
the frequency of the alternating current sensed by ter-
minals 126 and 127 increases to a predetermined value,
a frequency discriminating circuit will energize the sole-
noid valve 27 to stop the flow of fuel from the fuel
tank 22 to the gas generator 28. The voltage regulating
signal applied to the coils 36 and 37 is independent of the
frequency control signal applied to the solenoid valve 27.

For voltage regulation the alternating current from
terminals 126 and 127 is applied to the voltage regula-
tor circuit through lines 130 and 131. A rectifier 132
and a filter circuit consisting of resistor 133 and capaci-
tor 134 are connected between the lines 130 and 131
to provide a D.C. signal to a bridge input circuit 136
of a transistor 135. The bridge circuit 136 consists of
resistors 138, 139 and 140 and a reference diode 141.
When the bridge circuit 136 is balanced, transistor 135
substantially nonconductive, current will flow through
a resistor 143, a reference diode 146 and a resistor 148
to render a transistor 145 conductive, When the bridge
circuit 136 is not balanced, transistor 135 conductive,
the current flow through the reference diode 146 is de-
creased thereby decreasing the conductivity of tramsistor
145. The resistor 148 has one lead thereof connected
intermediate the reference diode 146 and the base of
transistor 145 and the other lead thereof connected to
the line 131. The transistor 145 has an emitter resistor
149 which is connected to the line 131 and a collector
resistor 150 which is connected to a line 151. Directly
coupled to the output of transistor 145 is the base of
a transistor 153. The collector of transistor 153 is con-
nected to line 131 through a capacitor 155 while the
emitter of transistor 153 is connected to line 151 through
a resistor 156. The output of a transistor 153 is applied
to a storage capacitor 155 and to the emitter electrode
of a unijunction transistor 158. Omne base of the uni-
junction transistor 158 is connected to the line 131
through a resistor 159 while the other base of the uni-
junction transistor 158 is connected to the line 151
through a resistor 160. Unijunction transistor 158, re-
sistors 159, 160 and capacitor 155 form a relaxation
oscillator which is controlled primarily by the charge
on capacitor 155.

A silicon control rectifier 162 has the gate electrode
thereof connected to a circuit point 163 while the cath-
ode electrode thereof is connected to the line 131. There-
fore, the cathode to gate triggering current for the sili-
con control rectifier 162 is developed by the voltage
drop across resistor 159 when the unijunction transistor
158 is rendered conductive. The anode electrode of sili-
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con control rectifier 162 is connected to an output term-
inal 157 and to one lead of the excitation coils 36 and
37. The excitation coils 36 and 37 are connected in
series by a lead 151. The other lead of the excitation
coils 36 and 37 is connected to the line 130 through a
line 163. Connected in shunt relation to the excitation
coils 36, 37 is a flyback diode 164 which serves to main-
tain the magnetic field induced into the excitation coils
36 and 37 for a maximum period of time after the
silicon control rectifier 162 is rendered nonconductive
thereby eliminating high transient voltage from being
applied to the silicon controlled rectifier.

To synchronize the operation of the unijunction trans-
istor 158 with that of a given cycle of alternating cur-
rent, the alternating current voltage is applied to the
line 151 through a rectifier 166 and a resistor 167. A
reference diode 168 is connected between the lines 131
and 151 to maintain a constant voltage therebetween.

During the operation of the voltage regulator circuit
connected to lines 138 and 131, an increase in woltage
applied to rectifier 132 will increase the D.C. potential
developed across capacitor 134. During the time capaci-
tor 134 is being charged, the bridge input circuit 136
will have equal voltage developed across each leg. How-
ever, when the potential across the capacitor 134 reaches
a predetermined value determined by the reference diode
141, the voltage drop across the resistors 138, 139 and
140 will continue to increase while the voltage drop
across the reference diode 141 will be maintained at a
constant value. This condition will cause the current
to flow between the emitter and base electrodes of tran-
sistor 135 thereby rendering the transistor 135 conduc-
tive. As the capacitor 134 continues to increase its charge
the transistor 135 is rendered more conductive in a
corresponding manner. The reference diode 146 insures
that the signal applied to transistor 145 is maintained at
the proper bias level. The transistors 145, 153 and 158
are operated from a pulsating D.C. voltage applied to
the line 151 to synchronize their operation to the sup-
ply voltage applied to the SCR 162. The conductivity
of transistor 145 is controlled by the signal applied from
transistor 135 through reference diode 146. Since the
transistor 153 is directly coupled to transistor 145 the
conductivity of transistor 153 will follow in proportion
to the conductivity of transistor 145 in such a manner
as to vary the time required to charge capacitor 155.

By way of example, when the voltage applied between
lines 13¢ and 131 is less than a predetermined value as
-determined by the reference diode 141, the bridge circuit
consisting of resistors 138, 139 and 140 and the refer-
ence diode 141 is electrically in balance and the transis-
tor 135 is maintained substantially nonconductive. This
will cause the D.C. current to pass through resisior 143,
reference diode 146 and resistor 148 to render the fran-
sistor 145 highly conductive during each positive half
cycle applied to line 151. The high conductivity of tran-
sistor 145 will, in turn, render transistor 153 highly
conductive thereby causing capacitor 155 to charge
quickly. When the capacitor 155 has reached a pre-
determined charge as determined by the unijunction
transistor 158, the transistor 158 is rendered conductive
to discharge capacitor 155 through resistor 159 which,
in turn, will render the silicon controlled rectifier 162
conductive to apply a magnetizing current through the
excitation coils 36 and 37 to increase the voltage output
of the alternator. Therefore, when the voltage applied
between lines 130 and 131 is less than the desired pre-
determined value, the capacitor 155 will charge quickly
.to render the silicon controlled rectifier 162 conductive
during an early portion of the positive half of each cycle.
However, when the voltage applied between lines 136
and 131 is greater than the predetermined voltage as
‘determined by the reference diode 141, the bridge circuit
consisting of resistors 138, 139 and 140 and the refer-
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ence diode 141 is electrically off balance thereby caus-
ing transistor 135 to be rendered conductive. This will
cause the D.C. current through resistor 143 to pass
through the transistor 135 rather than the reference diode
146 to render transistor 145 less conductive in. propor-
tion to the amount of voltage exceeding the desired
output voltage. The decreased conductivity of transistor
145 will, in turn, decrease the conductivity of transistor
153 thereby causing capacitor 155 to charge slowly.
This will cause the silicon controlled rectifier 162 to be
rendered conductive during a later portion of the posi-
tive half of each cycle to decrease the total magnetizing
current through the excitation coils 37 and 38.

The polarity of the magnetic field produced by the
excitation coils 36, 37 is the same as the polarity of the
magnetic field produced by the rotor 42. Therefore, de-
creasing the magnetic field induced into the excitation
coils 36, 37 will decrease the total magnetization effect of
the rotor 42 which, in turn, will reduce the voltage ap-
plied to terminals 126 and 127 connected to the alterna-
tor stator 46.

To control the frequency of the alternator 21, the fre-
quency control circuit shown in FIGURE 5 is connected
to terminals 126 and 127 through lines 17¢ and 171,
respectively. The frequency of the alternating current is
developed across the primary windings 173 and 174 of
transformers 175 and 172 respectively. A secondary wind-
ing 176 of transformer 175 and a capacitor 177 form a
tuned circuit which is tuned above the desired frequency
of the alternating current. A secondary winding 178 of
transformer 172 and a capacitor 179 form a tuned circuit
which is tuned below the desired frequency of the alter-
nating current. Connected between circuit points 181 and
182 is a bridge rectifier 183 to produce a D.C. signal
indicative to the energy absorbed by the tuned circuit Of
winding 176. In a similar manner, a bridge rectifier 185
is connected between circuit points 186 and 187 to pro-
duce a D.C. signal indicative to the frequency absorbed
by the tuned circuit of secondary winding 178. The nega-
tive D.C. terminals of bridge rectifiers 183 and 185 are
connected together at a common circuit point 189. Con-
nected across the D.C. output of bridge rectifier 183 is a
filter circuit consisting of a capacitor 198 and a resistor
191. A capacitor 192 and a resistor 193 are connected
parallel to form a filter circuit across the D.C. output of
bridge rectifier 185. Connected between the respective
D.C. positive terminals of bridge rectifiers. 183 and 185
is a resistor 195 and a potentiometer 196. The amplitude
and polarity of the potential developed across resistor 195
and potentiometer 196 is determined by the frequency
which is sensed in the tuned secondary windings 176 and
178. Connected between a movable contact 196a of po-
tentiometer 196 and a line 197 is a blocking diode 198
which is connected in series to a reference diode 199. The
reference diode 199 limits the triggering voltage applied
to a silicon control rectifier 200 when a positive potential
is developed between the movable contact of potentiom-
eter 196 and line 197. On the other hand, blocking diode
198 blocks the current flow through the reference diode
199 when the potential between the movable contact and
line 197 is negative. A reverse current blocking diode 201
is connected in a series with the gate electrode of circuit
control rectifier 200 to prevent a reverse flow of current
in the gate to cathode junction of the silicon control rec-
tifier when the potential between the movable contact
196a and line 197 is negative. A current limiting resistor
202 is connected in the series with the gate electrode of
silicon control rectifier 200 and diode 201. A resistor 204
is connected between a circuit point 205 and line 197.
The anode electrode of silicon control rectifier 280 is
connected to an output terminal 202 and to one lead of
the solenoid valve 27, while the other lead of the solenoid
valve 27 is connected to an output terminal 203 and to
line 170. A transient blocking diode 206 is connected in
shunt relation to the solenoid valve 27 for suppressing



3,508,070

9

high inverse voltage which may otherwise be applied to
the silicon control rectifier 290.

Before operation of the frequency control circuit, sole-
noid valve 27 is deenergized and in the normally open
condition. After a start signal has been applied to the
turbine alternator 21 as mentioned hereinabove, the out-
put of alternator 21 is applied between terminals 126 and
127, which, in turn, applies alternating current to the
primary windings 173, 174 of transformers 172 and 175.
As the turbine alternator continues to increase in speed,
a predetermined minimum output frequency of the alter-
nator is applied to both tuned sectionary windings 176
and 178. The tuned winding 178 which is resonant to
the predetermined minimum frequency, will absorb alter-
nating current energy from the primary winding 174 as
the output frequency continues to increase through the
resonant range of the tuned winding 178. On the other
hand, the tuned secondary winding 176, which is resonant
to a predetermined maximum frequency, will not absorb
an appreciable amount of energy from the primary wind-
ing 173,

During the time the output frequency of the alternator
is within the resonant frequency range of the winding 178
the alternating current energy developed in the secondary
winding 178 is rectified by ridge rectifier 185 and the
DC output therefrom is filtered by capacitor 192 and re-
sistor 193. The filtered DC potential is applied between
the line 197 and the circuit point 189 thereby providing
a negative potential to the movable contact 196a. This
negative potential will have no effect on the silicon con-
trolled rectifier 200 and fuel flow will continue through
the solenoid valve 27 at maximum rate.

The turbine alternator will continue to increase the
speed until a predetermined maximum frequency is
reached. The tuned secondary 176 which is resonant to
the predetermined maximum frequency of the alternator,
will absorb alternating current energy from the primary
winding 173. The alternating current absorbed by the sec-
ondary winding 176 during the time the output frequency
is within the resonant frequency of the winding 176 is
rectified and filtered by bridge rectifier 183 and capacitor
190, resistor 191. The filtered DC potential from rectifier
183 will provide a positive potential on the movable con-
tact 196« which, in turn, will apply a positive potential to
the gate electrode of silicon controlled rectifier 200. Dur-
ing this time, when the gate electrode of silicon rectifier
200 is positive, the positive cycles of alternating current
applied to line 170 will cause conduction of the silicon
controlled rectifier to energize the solenoid valve 27 and
stop the flow of fuel to the gas generator 28.

During the coast period of the turbine alternator, the
frequency applied to primary windings 173 and 174 will
gradually decrease until the energy absorbed by secondary
winding 176 is substantially reduced and the energy ab-
sorbed by secondary winding 178 is substantially in-
creased, This action will cause a negative D.C. signal to
be applied to the gate electrode of silicon controlled recti-
fier 260 thereby rendering the rectifier 200 nonconductive
regardless of the potential applied to the anode electrode
thereof, which condition, will deenergize solenoid valve
27 and allow fuel to flow to the gas gemerator 28. It can
be seen therefore that the output frequency of the turbine
alternator 21 is maintained within predetermined mini-
mum and maximum values at a higher predetermined ro-
tational speed halfway between the two values, by alter-
nately energizing and deenergizing solenoid valve 27 in
response to the frequency absorbed by the secondary wind-
ings 176 or 178.

The repeated alternation between the power period and
coast period is best illustrated by the graphical diagram
shown in FIGURE 6. The curve 210 represents the total
cycle period which consists of a short power period as in-
dicated by reference numeral 211 and a longer coast pe-
riod as indicated by reference numeral 212. During the
power period a full flow of fuel will enter the gas genera-
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tor 15 as indicated by the rectangular wave 215 but dur-
ing the coast period no fuel will enter the gas generator.
The time in seconds of the power period is mathematical-
ly represented by

_ KINAHe
(HPT—-HPL)

while the time in seconds of the coast period is mathema-
tically represented by

4

; _KIANN
*TUHPL
where

K=constant

I=inertia (ft.-1b.-sec.?)

HPy=turbine horsepower

HP;=load horsepower

N=speed (r.p.m.)

AN=speed change (r.p.m.) as shown in FIGURE 6,
tp—1t1+1y,

therefore solving for the horsepower relationship gives
HP 3
( 4 ) 1. 1

HPr fr

which is a very important equation in that once an opti-
mum relationship between the power period and the total
cycle period is established the relationship between the
load power and the turbine power can be determined.
When a given speed variation (AN) is established as a
percent (a) of the nominal speed such that N==aN, the
coast period can be expressed by

_oKIN®
"TTHPy,
-and the power period can be expressed by

aKIN?
HPy—HPr,

These equations indicate that for a given load horsepower
the coast time is proportional to the product of system in-
ertia and the rotor speed squared. Therefore, the coast
period can be increased to a greater extent, for a fixed
speed variation, by increasing the speed rather than in-
ertia, since it is a square function. An added advantage
of using higher speed components is that system weight
is reduced.

The relationships between coast power and total period
with regard to load variations determine the thermody-
namics and heat transfer of the cycle. Short power periods
and long coast periods, for reasonable speed variations
and system inertia, permit combustion at higher tempera-
tures, thereby resulting in lower specific propellant con-
sumption.

A particular advantage of the pulsed energy turbine
system operation is in its capability in adjusting to system
load variations. Since the turbine is designed to produce
several times the peak load requirement, only minor sys-
tem modifications are necessary to produce higher or
lower alternator load capacity. This capability is especially
desirable in the case where new system power require-
ments exceed design allowances. In this particular case,
the only major system modification required would be in-
creased propellant tank capacity.

In particular, if a major reduction in system weight and
volume are needed, the pulsed flow turbine can be used
with bipropellants. This reduces fuel consumption by a
factor of 2 or more. Tests using Aerozine 50 and nitrogen
testroxide have been run on a turbine designed for mono-
propellant hydrazine alone and a reduction in fuel con-
sumption of 56 percent resulted. Bipropellants also pro-
vide a restart capability since no igniter is required.

The use of monopropellants, while not achieving the
low specific propellant consumption of the bipropellants,
offer substantial reductions in hardware temperatures as

2

(7) =
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well as improved specific propellant consimption over
continuous flow power systems.

It will be understood that modifications and variations
may be effected without departing from the spirit and
scope of the novel concepts of the present invention.

We claim as our invention:

1. A turboelectric power device comprising:

a turbine;

an alternator in driven relation to said turbine;

gas generating means for driving said turbine with a
flow of gas, said gas generating means including fuel
source means; '

injection means for regulating fuel flow between said
fuel source means and said gas generating means,
said injection means having an ON mode of opera-
tion whereby fuel is injected into said gas generating
means and an OFF mode of operation whereby fuel
flow to said gas generating means is stopped;

speed control means for switching said injection means
between said two modes, said speed control means
switching said injection means into the ON mode
when the speed of said alternator falls below a first
predetermined reference speed, and into the OFF
mode when the speed of said alternator increases
above a second predetermined reference speed where-
by said turbine operates in a pulse-driven manner;
and

voltage regulating means connected to said alternator
for maintaining a predetermined voltage output in
correspondence to operation of said alternator with-
in said first and second predetermined reference
speeds. :

2. A turboelectric power device as recited in claim 1

wherein:

said gas generating means includes a gas igniter and
said fuel source means in said gas generating means
comprises:

(a) fuel storage means;

(b) a high pressure gas source in communication with
said storage means; and

(c) sealing means for retaining said gas in said storage
means until said injection means is switched ON.

3. A turboelectric power device as recited in claim 1

wherein:

said fuel source means comprises propellant storage
means, a solid propellant squib connectable to said
storage means, adapted for retaining said propellant
in said storage means until said injection means is
switched ON, said sealing means inserted between
said propellant storage means and said injection
means; and

said injection means comprises a valve.

4. A turboelectric power device as recited in claim 2
further including:

a stator and a rotor in said alternator, said rotor being
connected to said turbine in an axial drive com-
bination;

housing means for enclosing said alternator and tur-
bine, said housing means having a first supporting
end wall adjacent the rotor of said axial drive com-
bination, and a second supporting end wall adjacent
the turbine of said axial drive combination;

bearings in said first and second supporting end walls
rotatably supporting said axial drive combination;
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coolanf. chamber means for maintaining said bearings
below a predetermined temperature, said chamber
means being attached to said housing means on said
second end wall; and

flow restriction means for preventing said gas from
reaching said rotor and said bearings.

5. A compact, lightweight, efficient turboelectric power

device which comprises:

a substantially cylindrical alternator and turbine unit;

an elongate annular propellant tank having two ends,
said propellant tank surrounding said unit in a gen-
erally sleeved relation therewith;

gas generator means for supplying hot gases to drive
the turbine, said gas generator means located at one
end of said propellant tank and in fluid communica-
tion therewith;

a pressurization tank in fluid communication with and
enveloped by said annular propellant tank;

a first valve means for controlling flow from the pres-
surization tank to the propellant tank;

a second valve means for controlling flow from the
propellant tank to the gas generator means; and

electronic control means spanning the end of the pro-
pellant tank opposite said gas generator, said control
means actuating the first and second valve means
when the speed of said unit falls below a first pre-
determined frequency and deactuating the valve
means when the speed of said unit increases ‘above
a second predetermined frequency whereby the tur-
bine will drive the alternator through a pulsing cycle
only when hot gas is generated by the gas generator
means. -

6. A compact, lightweight, efficient turboelectric power

device as recited in claim 5 further including: _
housing means enclosing said unit, said housing means
having two ends and containing inlet means and out-
let means for said hot gases;

a stator and a rotor in said unit, said stator being at-
tached to said housing means and said rotor being
attached to said turbine; i

bearings means in said ends of said housing means for
rotatably supporting the rotor and turbine;

cooling chamber means attached to one end of said
housing means adjacent to the turbine for protecting
the housing means and bearing means from overheat-
ing by the hot gases; and

flow restriction means for preventing said hot gas from
reaching said rotor and said bearings.
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